Helix packing in subunit a of the Escherichia coli ATP synthase as determined by chemical labeling and proteolysis of the cysteine-substituted protein.
Subunit a of the Escherichia coli ATP synthase is thought to control access of protons to the ring of c subunits during proton-driven ATP synthesis. In this study, the surface exposure of subunit a in the periplasm has been examined using 3-N-maleimidyl-propionyl biocytin labeling in cells permeabilized by polymyxin B nonapeptide, and the helix packing at the periplasmic surface has been probed by metal-chelate mediated proteolysis. Eighteen residues between 119 and 146 were changed individually to cysteine and tested for accessibility. Positions labeled included D124 and D146, indicating a periplasmic loop of at least 23 amino acids. Residues near the ends of the transmembrane spans were tested with 5-(alpha-bromoacetamido)-1,10-phenanthroline-copper for chemical proteolysis. Only residues W241C and D44C, and to a lesser extent I43C, led to proteolytic fragments after oxidation. The fragments were sized by comparison with molecular weight standards generated by Factor Xa sites engineered into subunit a. Fragments were detected by immunoblotting using an engineered HA epitope at the carboxyl-terminal end of subunit a. The results indicated that both transmembrane span 5 (W241) and transmembrane span 1 (D44) are close to transmembrane span 2.